With specially arranged inducing elements on a white surface of uniform luminosity, a phenomenally complete Necker cube can be seen in an array where only the 'corners' of the cube are physically represented. The subjectively seen bars of the cube disappear when the inducing 'discs' are seen as 'holes' in an interposing surface, through which the comers of a partially occluded cube are viewed. Illusory brightness effects are also observed in connection with the different organizations of this ambiguous figure.
tion and depth, and a slight difference in apparent size of the front and back faces of the cube.
The subjective Necker cube (Bradley, Dumais, and Petry, 1976 ) is a three-dimensional variation of a phenomenon, long known, called subjective contour (Schumann, 1904) . A standard configuration for the perception of subjective contour is presented in Figure 2 (Kanizsa, 1955) . The 'sides' of a triangle are perceived as faint contours or edges extending from one black disc to the next. As with the subjective Necker cube, the perception of these contours is illusory. Further, the triangle bounded by these subjective contours appears slightly brighter than the background on which the triangle rests, even though the reflectances are equal. A phenomenally complete Necker cube can be seen overlying a white surface and eight black discs; so viewed, illusory contours corresponding to the bars of the cube can be seen extending between the discs. The illusory bars of the cube disappear when the discs are seen as 'holes' in an interposing surface, through which the comers of a partially occluded cube are viewed; curved subjective contours are then seen demarcating the interior edges of the 'holes' Figure 2 . A standard configuration for the perception of subjective contour: the 'sides' of the triangle seen extending between the discs are illusory, as is the difference in apparent brightness of the triangle and the white background alternative organization is simply this: imagine you are looking into a dark room through eight 'holes' in an interposing white surface. A cube is suspended in space in back of the surface such that each corner of the cube is visible through one of the holes but the rest of the cube is occluded by the interposing surface. With this cube-in-back organization, the subjective contours previously seen between the discs are not present: instead, the bars of the cube are now amodally completed behind the occluding white surface.l However, careful observation reveals that new subjective contours are present during this cube-in-back organization. In each case where the interior edge of a 'hole' traverses a bar of the cube in back, a curved subjective contour can be seen.
As might be expected, these curved subjective contours disappear when the first, cube-in-front organization prevails. Note that in both cube-infront and cube-in-back organizations, subjective contours are seen where the interpolation of an edge or boundary by the visual system serves to create a phenomenally complete object consistent with the prevailing organization (i.e., either the 'cube' of the cube in front, or the 'holes' of the occluding surface of the cube in back). These observations suggest that central organizing factors are important in determining the perception of such illusory contours . Figure 3 presents unambiguous versions of the cube-in-front (B) and cube-in-back (C) organizations of the subjective Necker cube, along with a 'straddled' organization (D) that is occasionally reported. Real contours are filled in over those regions of the display where subjective contours would be seen if the ambiguous version were viewed under the same organization. It should be noted that the unambiguous organizations depicted in Figure 3 misrepresent the appearance of subjective contours insofar as they imply that black lines are seen. Rather, the experience of a subjective contour is generally described as that of an edge or border separating a discrete change in apparent brightness--as a one-step change in luminance, rather than the two-step change evident with a black line on a white background.
One additional and very striking effect may be observed in Figure 1 . After you have gained some facility in seeing both of the organizations described above, carefully direct your attention to the apparent brightness of the cube while in each of the two positions. When the cube is organized in back of the surface, it appears extremely bright; in fact, it may even appear luminous. When the cube is organized in front of the 
DISCUSSION
These data, though preliminary, do seem to substantiate the major perceptual effects of the subjective Necker cube described in the opening sections of this report. We would now like to briefly consider the implications of these findings for several current theories of subjective contour.4
First, since the location of the subjective contours seen in Figure 1 depends on the prevailing organization, it is unlikely (although not impossible) that peripheral physiological mechanisms such as lateral inhibition or simultaneous brightness contrast can account for the perception of subjective contour (Brigner and Gallagher, 1974; Frisby and Clatworthy, 1975) . Recent data indicating that the apparent strength of subjective contour varies inversely (rather than directly, as predicted by contrast theory) with the illumination incident on the display is consistent with this conclusion .
Nor is it sufficient to say that subjective contour simply results from the presence of implicit depth cues which stratify one perceptual object in a plane over others -to argue, for example, that interposition cues in Figure 2 imply a triangular object partially occluding three black discs (Coren, 1972 Figure 1 where the bars of the cube can be seen as either overlying or underlying the white surface (B or C, Figure 3) , the perceived location of the subjective contours will depend on how such ambiguous depth information is processed to organize objects stratified in depth (Bradley and Dumais, 1976) .
Finally, recent attempts to account for subjective contour by assuming selective filtering of spatial frequencies (Ginsberg, 1975) would also seem to have difficulty explaining the alternative organizations of Figure 1 , since a two-dimensional Fourier transform of the spatial information in that figure would presumably yield only one solution.
A theoretical perspective not yet considered by workers in the field involves subjective contour as the product of perceptual synthesis. In terms of a cognitive or information-processing theory of perception (Neisser, 1967; Hochberg, 1968 Hochberg, , 1970 , the visual system 'synthesizes' or 'constructs' a perceptual object under the guidance of both sensory and nonsensory information. Subjective contours represent an instance in which the visual system goes well beyond the information given in organizing sensory data, such that objects are created by interpolating edges and surfaces across objectively homogeneous regions of the visual field. Since the visual synthesis of a perceptual object is under both stimulus and central control, it may be influenced by all or some of the following: (a) directly given sensory information corresponding to the object, as in viewing a real cube or triangle; (b) contextual information conveyed by features in the stimulus array that indirectly imply the presence of a particular object, as in viewing Figure 2 , where the sectors in the discs imply a masking triangle; (c) nonsensory factors like past experience, expectation, or perceptual set, as in being given an alternative construction of the cube in Figure 1 . Where the available sensory information is particularly ambiguous, as in the subjective Necker cube, the relative importance of nonsensory factors in determining the visual synthesis is increased.
As is evident from Figure 3 , there are at least three possible visual solutions to organizing the ambiguous array of Figure 1 . Which particular solution is achieved would seem to depend primarily on central determinants rather than on stimulus factors, although peripheral factors such as eye movements during inspection would certainly be important. Given a particular visual solution, however, subjective contours are interpolated or 'filled in' throughout the visual field wherever necessary to demarcate the perceptual objects 'postulated' under the prevailing perceptual interpretation.5 From this view, subjective contours are simply the phenomenal correlates of the edges or boundaries of visually constructed objects. Insofar as a given ambiguous array permits various possible constructions and organizations of perceptual objects in depth, subjective contours will be seen in varying locations in the display (Bradley and Dumais, 1975) .
Thus, when the cube-in-front inference is tentatively applied to the ambiguous array of Figure 1 , the interpolation of contours over the intervening regions between discs occurs because only this filling in will complete and maintain the impression of an overlying cube. When the cube-in-back inference is adopted, however, the interpolation of contours over these same intervening regions would be incompatible with the requirement to maintain the impression of an occluding surface. Rather, the visual interpolation required in this instance gives rise to the illusory contours that complete the 'holes' of the occluding surface. Finally, the straddled-cube inference (D, Figure 3 ) requires a combination of the previous two forms of visual interpolation, with subjective contours extending between discs in some locations and completing holes in others.
In summary, the process of visual synthesis seems to produce that interpolation which would segregate perceptual objects into different planes and demarcate their phenomenal borders in such a way as to serve the prevailing perceptual interpretation. The pervasive effect of such organizational determinants of subjective contour argues against stimulusbound or peripheralist explanations of the phenomenon.
Notes
The subjective Necker cube was discovered by the second author (while enrolled in a research seminar on subjective contour supervised by the first author), and he presented some of the data discussed in this report at the April, 1975 3. This test was based on p = .50 as chance expectation: that in response to the question "Do you see the bars of the cube extending between the discs?" half of the observers would respond 'yes' and half 'no,' even though illusory bars were never seen. This is certainly a conservative test, since the question asked the observer is highly unlikely to produce this strong a response bias (the appropriate level of expectation is p = .00 assuming no illusion and no effects due to response bias). Nevertheless, we must be alert to the possibility of response bias in these data, since some observers may just have reported seeing the illusory bars because of the expectation (perhaps created by the preview figure of the cube in front) that this is what they were 'supposed' to see. If so, no difference in the apparent brightness of the illusory bars and the background should be found, since that difference arises only with perceiving the subjective contour (i.e., the whiter-than-white subjective Necker cube). Since a significant proportion of the observers who reported seeing the illusory bars also reported seeing a difference in the apparent brightness of the illusory bars and the background, it would seem that for these individuals the illusory bars did have a phenomenal reality.
4. The theoretical significance of the difference in apparent brightness of the cube in front and the cube in back will not be discussed in this paper, as we wish to focus on the shifting subjective contours. However, we would note that the fact that the cube in back appeared brighter than the cube in front is consistent with Helmholtz's unconscious-inference theory of brightness constancy (Helmholtz, 1962) . Since the cube in back appears to be situated in a dark enclosure of some sort, the amount of illumination incident on this cube would be 'registered' as less than that for the cube in front. However, since both cubes reflect the same absolute amount of light to the eye, the cube in back would therefore be judged as the intrinsically brighter object (see Coren and Komoda, 1973 , and Hochberg and Beck, 1954, for related phenomena and theoretical interpretations). Further, the fact that the cube in back appeared luminous to some observers is also consistent with this theory. If the registered level of illumination in the cube-in-back enclosure is sufficiently low, then the actual amount of light reaching the eye from the cube may be greater than could be accounted for even by an object capable of reflecting 100% of the incident light. If so, the cube would then appear to be emitting its own light.
5. The view that perceptions represent 'hypotheses' selected by, but going beyond, sensory data has been emphasized by Gregory (1970 Gregory ( , 1972 . The role of nonsensory factors in determining the perceptual organization of ambiguous visual displays has been elaborated by Hebb (1949) in a neurophysiological theory capable of providing a physiological basis for the process of visual synthesis.
